Abstract. Equal-gain combining (EGC) is a conventional linear combining scheme used in non-coherent energy detection receiver for ultra-wideband (UWB) signals. However, due to the nonlinear nature of decision boundary, the EGC results in a suboptimal test statistic. In this paper, we propose a new design for a nonlinear combining energy detector based on Gaussian approximation, in which the energy detection problem becomes a general Gaussian signal detection problem with unequal-mean and unequal-variance. Numerical results indicate that the proposed detector exhibits better performance than the conventional energy detector.
Introduction
Impulse radio (IR) UWB has been considered as a promising solution for supporting low-cost and low-data-rate wireless communication. The energy detection receivers are favored for their simple implementation and good performance-complexity tradeoffs for UWB systems. The conventional energy detection receiver is known as the EGC (square-law combining) receiver, which recovers the transmitted symbol by comparing the combined output to a decision threshold [1, 2] . However, it was shown in [3] that EGC for conventional energy detector is not optimal unless the signal-to-noise ratio (SNR) is infinitesimally small.
Since the decision boundary is nonlinear [3] , the implementation of optimal energy detector involves nonlinear functional operation, which not only complicates the detector structure, but also makes the exact evaluation of the average BER difficult to obtain analytically. In this letter, we propose a new design for a suboptimal energy detector based on Gaussian approximation. The goal of the suboptimal detector design is to reduce the complexity while preserving the performance very close to the optimal detector. Numerical results using the IEEE 802.15.4a channel models show that the proposed detector can effectively improve bit error rate (BER) performance without significantly increase of the system complexity, as compared to the conventional energy detector.
System model
Let the received UWB signal after the Rx antenna can be represented as
Where the frame index and pulse repetition time are denoted by j and f T , f N represents the number of the pulses transmitted per data symbol, s T is the symbol duration, p E is the energy transmitted for each pulse, and
is the th i transmitted bit with on-off keying (OOK) modulation. The term ( ) s t is the convolution of the energy-normalized waveform of the transmitted pulse and the normalized impulse response of the UWB radio channel. The ambient noise ( ) n t is approximated as a zero-mean white Gaussian process with two-sided power spectral density 0 / 2 N .
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After the usage of the square-law device as well as integration time over int T , the energy samples of the th i transmitted bit can be achieved as the
It is well known that the integrator output , 
in which, the signal energy
is deterministic and can be estimated during a preamble step thanks to appropriate estimators [5] .
Conventional Energy Detector
The conventional energy detector is the EGC detector, in which, the f N energy samples , 
where the decision threshold η , which minimizes the BER, can be obtained by numerical search, or evaluated using the Gaussian approximation of the test statistic i Y . Under the assumption of equally likely information bits the average BER is given by [1, 4] ( )
where K Q is the generalized Marcum-Q function of order
is the Gamma function.
Proposed Energy Detector
Considering (4) we note that the test statistic of EGC detector is equivalent to
which is an estimate of the mean of the energy samples. In fact, the EGC detector distinguishes two hypotheses by a change in the mean of the energy samples.
The proposed detector for IR-UWB is directly based on the Gaussian approximation and the identically distributed nature of { } the symbol decision strategy of the proposed detector relies not only on the change in mean but also on the change in variance of the energy samples.
To find the probability of error, we can rewrite (7 ) in the following form 
. It is apparent form (8) 
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Numerical Results and Discussion
To validate the Gaussian approximation, we compare the theoretical PDF with the simulated PDF of decision variables . This is illustrated on Fig. 1 , where realizations fit very well with the theoretical PDF (which is based on the Gaussian approximation). have been chosen. The estimation of the ε is performed with a training sequence of 128 symbols. Fig. 2 indicates that the BER performance of the proposed detector always surpasses that of the conventional detector. Moreover, we observe that the performance improvement of proposed detector becomes more significant as f N becomes larger since more pulses lead to more accurate variances estimation. 
Summary
In this paper, we have proposed a novel energy detection scheme for non-coherent IR-UWB systems. It exploits variance estimation of energy samples per symbol and approximates the optimum strategy to minimize the error probability. The proposed detector is simply a threshold detector as the conventional detector, except with the extra complexity of mapping the received signal with a quadratic function.
